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Abstract 

Objectives To predict the number of selected outcomes temporally 
associated but not caused by vaccination, to aid causality assessment 
of adverse events arising after mass immunisation in a paediatric 
population. 

Design Nationwide population based cohort study. 
Setting Denmark. 

Participants All liveborn infants delivered after 1 January 1980. Study 
population was followed from date of birth until hospital admission for 
selected outcome diagnoses, death, first emigration, age 18 years, or 
31 December 2009. The study population was subject to vaccines used 
in standard childhood immunisation in Denmark, with 82-93% vaccine 
coverage. 

Main outcome measures Incidence of acute infectious and 
post-infectious polyneuritis (Guillain-Barre syndrome), acute transverse 
myelitis, optic polyneuritis, facial nerve palsy, anaphylactic shock, seizure, 
multiple sclerosis, autoimmune thrombocytopenia, type 1 diabetes 
mellitus, juvenile and rheumatoid arthritis, narcolepsy, and death of 
unknown cause stratified by sex, age, and season. We predicted the 
number of events for a hypothetical vaccine cohort of 1 000 000 people 
for follow-up periods of up to 1 82 days. 



Results The study included 2 300 227 liveborn infants, yielding 37 262 
404 person years of follow-up; median follow-up was 16.8 person years. 
Incidence of outcome diagnoses spanned from 0.32 per 1 00 000 patient 
years for autoimmune thrombocytopenia to 189.82 per 100 000 patient 
years for seizure. Seasonal differences were most pronounced for 
anaphylactic shock, seizure, and multiple sclerosis. Even for rare 
outcomes, numerous events were predicted in the hypothetical vaccine 
cohort. We predicted that 20 cases of type 1 diabetes mellitus, 1 9 of 
juvenile or rheumatoid arthritis, eight of facial nerve palsy, and five of 
multiple sclerosis per 1 000 000 children would occur within 42 days 
after vaccination. 

Conclusions Incorporating exact background rates of disease based 
on age, sex, and seasonal distribution could strengthen vaccine safety 
assessment, and provides an evidence based focus for discussing the 
incremental risk of newly introduced vaccines. 

Introduction 

Mass immunisation programmes are frequently used in 
protecting the population from infectious diseases. The overall 
benefit assessment of immunisation programmes includes the 
identification and evaluation of possible adverse effects. Since 
most serious adverse outcomes rarely occur, scientists are 
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Web table 1 : For children aged <1 year: Predicted numbers of outcomes temporally associated with a vaccine dose per 1 ,000,000 vaccinated 
subjects 

Web table 2: For children aged 1 -3 years: Predicted numbers of outcomes temporally associated with a vaccine dose per 1 ,000,000 vaccinated 
subjects 

Web table 3: For children aged 4-9 years: Predicted numbers of outcomes temporally associated with a vaccine dose per 1 ,000,000 vaccinated 
subjects 

Web table 4: For children aged 10-17 years: Predicted numbers of outcomes temporally associated with a vaccine dose per 1 ,000,000 vaccinated 
subjects 
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challenged with identifying these events and determining 
whether they are causally linked to a specific vaccine or only 
temporally associated with the vaccine by chance. When new 
vaccines are introduced on a large scale, passive reporting of 
adverse drug reactions continues as a postmarketing surveillance 
system. 1 However, these systems for passive reporting cannot 
discriminate events that are temporally associated with vaccine 
exposure from those that are caused by exposure. Knowing the 
background rates of relevant diseases would assist in deciding 
when the number of events exceeds the expected count of 
non-causalfy linked events. 

The emergence of the H1N1 influenza A virus pandemic in 
2009 prompted rapid licensure and broad scale use of H1N1 
monovalent and live attenuated vaccines, with ongoing 
monitoring of potential adverse effects. Children and adolescents 
were among recommended vaccine recipients in most countries. 
The Committee for Human Medicinal Products in Europe and 
the Food and Drug Administration in the United States listed 
Guillain-Barre syndrome, neuritis, demyelinating disorders, 
convulsions, anaphylaxis, and Bell's palsy, among others, as 
adverse events of special interest. 2 In addition, the 2009 
pandemic enhanced efforts to correctly identify background 
rates of adverse events in the population to which vaccine safety 
monitoring apply. Several countries including the US, Australia, 
and countries in Europe have expanded their monitoring systems 
for vaccine safety. The US first used the Vaccine Adverse Event 
Reporting System, and then a newer, web based system for 
active surveillance. Currently, large, population based systems 
are used for monitoring, including the newly established 
Post-licensure Rapid Immunization Safety Monitoring project 
and the Vaccine Safety Datalink project, linking computerised 
vaccination data with healthcare encounter codes. 3 4 5 

The resulting amount of data for the safety of pandemic H1N1 
vaccines among children and adolescents is enormous, but 
diversity in methods and data presentation has hampered the 
safety analyses. 2 Other research has stressed the importance of 
identifying background rates of selected diseases to distinguish 
between events temporally occurring and those causally linked 
to mass vaccination. 6 7 8 Earlier experiences have shown how 
reports of particular adverse events associated with vaccination 
can rapidly affect vaccine acceptance. 9 1(1 

Using unique Danish medical administrative databases, we 
provide background rates of selected outcomes in a population 
given standard childhood vaccinations, to help in the causality 
assessment of adverse events related to a novel vaccine being 
introduced into a mass immunisation programme. 

Methods 

Study design and study population 

This nationwide population based cohort study included all 
liveborn infants who were delivered in Denmark between 1 
January 1980 and 31 December 2009. Study participants were 
followed from date of birth until the first recorded hospital 
admission for the earliest date of the following events: one of 
the selected outcome diagnoses in table 1JJ , death, first 
emigration, age 18 years, or 31 December 2009. The Danish 
healthcare system provides free, tax supported, medical care 
for all residents, including all the medical conditions selected 
for this analysis. 

As per routine procedures in the Danish healthcare system, all 
study participants were subject to standard immunisation through 
the Danish childhood vaccination programme (table 2J|), with 
a high vaccine coverage (82-93%)." 12 13 14 15 16 



Danish Civil Registration System 

The Civil Registration System is a national registry of all Danish 
residents, which contains information on date of birth, sex, date 
of migration, and date of death. A 10 digit personal registration 
number (CPR number) assigned at birth uniquely identifies each 
person since 1968. The registration system is updated weekly 
with information on all births, deaths, or emigrations of the 
population. 

Danish National Hospital Registry 

The National Hospital Registry contains information on all 
patients discharged from non-psychiatric hospitals in Denmark 
since 1 January 1977. Records for each hospital admission 
include CPR number, hospital department, inpatient and 
outpatient discharge diagnoses, and dates of admission and 
discharge. The treating physician coded diagnoses according to 
the ICD-8 (international classification of diseases, 8th revision) 
until the end of 1993, and ICD-10 thereafter. 

Identification of outcome diagnoses 

For study participants, we retrieved all hospital discharge 
diagnoses, including emergency room visits, in the National 
Health Registry for the following outcomes: acute infectious 
and post-infectious polyneuritis (Guillain-Barre syndrome), 
acute transverse myelitis, optic polyneuritis, facial nerve palsy, 
anaphylactic shock, seizure, multiple sclerosis, autoimmune 
thrombocytopenia, type 1 diabetes mellitus, juvenile and 
rheumatoid arthritis, narcolepsy, or death of unknown cause. 
Table 1 lists the ICD-8 and ICD-10 codes used for the 
identification of the outcome events. Most of these diagnoses 
have been validated in previous reports. 17 18 19 20 21 

Statistical analyses 

We calculated the incidence of each diagnosis of interest, 
ignoring all other diagnoses (excluding death), and if participants 
were followed to either first admission with the specific 
diagnosis or end of follow-up. Both primary and secondary 
diagnoses were retrieved, but in the analyses presented here 
only primary diagnoses were considered. We reported incidence, 
stratified by sex and age categories (<1, 1-3, 4-9, 10-17 years), 
and overall. In analyses considering any diagnoses (any adverse 
event), we considered only the first occurrence of any of the 
diagnoses together with end of follow-up. All rates were 
accompanied by exact 95% confidence intervals based on the 
assumption of a Poisson distribution for event counts. We 
obtained seasonal rates by dividing all events and time at risk 
into the quarters of the calendar year to which they belonged 
while ignoring any other information (that is, age, sex, calendar 
year). 

To show the usefulness of these data in the context of a mass 
immunisation campaign, we constructed a hypothetical vaccine 
cohort of 1 000 000 people and computed the predicted count 
of events for follow-up times of one, seven, 42, and 182 days, 
respectively, by taking the estimated rate to be the true constant 
rate over the follow-up period. The corresponding prediction 
intervals were found by numerical integration of tail probabilities 
of the relevant Poisson distribution. Web tables 1-4 show similar 
counts for each age category separately. All statistical analyses 
were conducted with Stata 1 1 . 
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Results 

Incidence of outcome diagnoses 

The study included 2 300 227 liveborn infants, yielding a total 
of 37 262 404 person years of follow-up; median follow-up 
time was 16.8 person years. Annual birth counts and annual 
deaths before age 5 years both declined slightly during the study 
period (fig 1JJ ). We had no information on rates of influenza 
vaccine coverage in the study population during the main study 
period. However, in the period from 2009-10 to 201 1-12, 
influenza vaccine was given to 0.2-0.3% of children under age 
15, each year. 22 

In total, 73 564 incident cases of the selected outcome diagnoses 
were recorded during the study period among participants 
younger than 18 years in the Danish population; these cases are 
presented as age and sex specific incidence (table 3 J). There 
were considerable differences in the incidence of these 
diagnoses, from 0.32 per 100 000 person years for autoimmune 
thrombocytopenia to 189.82 per 100 000 person years for seizure 
(including febrile seizure). We observed low rates of acute 
transverse myelitis (0.36 per 100 000 person years), narcolepsy 
(0.48), optic polyneuritis (0.60), and Guillain-Barre syndrome 
(0.67), whereas rates were higher for juvenile and rheumatoid 
arthritis (16.73) and type 1 diabetes mellitus (17.71). 

Incidence of anaphylactic shock, death of unknown cause, 
multiple sclerosis, and facial nerve palsy ranged from 1 .45 to 
6.91 per 100 000 person years (table 3). However, these rates 
concealed considerable variability in the sex and age 
distribution. With minor deviations, the incidence of 
Guillain-Barre syndrome, optic polyneuritis, anaphylactic shock, 
and type 1 diabetes mellitus increased with age, whereas rates 
of seizure, multiple sclerosis, autoimmune thrombocytopenia, 
and death of unknown cause decreased with age. The most 
common outcome, seizure, had a high incidence of 475.43 per 
100 000 person years among children younger than 1 year, and 
a peak in the age group 1-3 years with 593.49 per 100 000 
person years. Seizure rates then declined with age to 47.24 per 
100 000 person years for children aged 4-9 years and 30.83 per 
100 000 person years for those aged 10-17 years (table 3). In a 
sensitivity analysis of any adverse event that excluded seizures, 
we saw a different age distribution with stable incidence in the 
age groups younger than 10 years, but slightly higher rates in 
those aged 10-17 years. 

Some outcomes had seasonal fluctuation, whereas others had 
stable incidence throughout the year (fig 2;l ). Seasonal variation 
was most pronounced for seizures and multiple sclerosis, with 
higher rates during the winter, and for anaphylactic shock, with 
an almost threefold higher rate in the third quarter than in the 
first. 

Expected number of outcomes after 
vaccination 

Table 4 , ; shows the predicted number of first time coincident 
outcomes expected to be temporally associated with a vaccine 
dose by chance alone in a hypothetical mass immunisation 
campaign of 1 000 000 vaccine recipients younger than 18 years. 
Even for relatively rare outcomes and in the absence of any 
causal relation with the vaccine, a substantial number of events 
would be expected to occur shortly after receiving a vaccine 
dose. For example, 20 cases of type 1 diabetes mellitus, 19 of 
juvenile or rheumatoid arthritis, eight of facial nerve palsy, and 
five of multiple sclerosis would be expected to occur within 42 
days after vaccination. Within the first 24 h of vaccination, five 
cases of seizure would be expected, and 36 and 218 cases of 



seizure would be expected to occur within seven and 42 days 
of vaccination, respectively. Death of an unknown cause would 
be expected to occur twice within 42 days, and nine times within 
1 82 days after receiving a vaccine dose. 

The 80% and 99% upper boundaries of the predicted number 
of coincident adverse events provided in table 4 can be used to 
assess the likelihood that adverse events of a given type are not 
only temporally associated with a vaccine dose, but also causally 
associated. For example, there is a 99% probability that no more 
than 52 cases of seizure would occur within seven days of a 
vaccine dose, if no causal association existed (table 4). Since 
these upper boundaries are only rarely exceeded in the absence 
of any causal relation, any crossing of these boundaries should 
be considered a signal of a possible unexpected adverse reaction 
to the vaccine being tested. 

Discussion 

In this study, we followed a large cohort of Danish children to 
describe the incidence of selected outcome diagnoses in a 
population given standard childhood vaccination. We found 
considerable variation in incidence between the different 
diagnoses, with seizure being the most frequently recorded 
diagnosis. In a hypothetical vaccine cohort of 1 000 000 
participants younger than 18 years, we predicted that about 44 
cases of type 1 diabetes mellitus, juvenile or rheumatoid arthritis, 
and multiple sclerosis would occur randomly within 42 days of 
a given immunisation. Because some of the selected outcomes 
are highly age specific, we also calculated the predicted number 
of outcomes stratified by age (<1, 1-3, 4-9, 10-17 years), 
providing data that can be more readily applied within specific 
age groups (web tables 1-4). Finally, we provided 80% and 99% 
upper boundaries of the predicted number of coincident adverse 
outcomes that could help in the causality assessment between 
reported adverse events and a newly introduced vaccine among 
children and adolescents. 

Strengths and limitations of study 

The population based databases in Danish healthcare, with 
unique identification of each person, aided analyses within a 
large, uniform population. To our knowledge, this is the largest 
study to provide incidence of outcomes that are often linked to 
vaccine safety concerns within a paediatric population. Our 
extensive data material enabled us to estimate sex and age 
specific incidence with high precision. In addition, study 
participants were followed from birth until the first event that 
terminated follow-up; thus, we excluded virtually any possibility 
that outcome events could have occurred before inclusion. 

We recognise several limitations of our study. Firstly, only the 
primary hospital discharge diagnoses and emergency room visits 
were included. Although the diagnoses selected for this analysis 
were generally handled in the hospital setting, we cannot rule 
out that some patients were treated exclusively in the primary 
sector and hence not recorded in our material. However, even 
for a relatively benign event such as febrile seizure, the 
completeness of the Danish National Health Registry exceeds 
70% of all traceable hospital and non-hospital cases." We did 
not consider secondary diagnoses in the analyses to avoid 
registering events linked to other medical conditions that were 
not the focus of this study. Secondly, we did not review medical 
charts to validate the accuracy of all the diagnoses included in 
this analysis; instead, we relied on previous studies in which 
validation of diagnoses from the National Health Registry were 
performed. 
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Thirdly, our findings should be extrapolated with care to 
populations of different race, ethnicity, and environment because 
disease rates may vary. Fourthly, since study participants were 
followed up to the first recorded admission for one of the 
selected outcome diagnoses, subsequent events of the same type 
in the same person were not included in our analyses. This 
restriction, however, reduced bias from multiple contacts at the 
same hospital by the same person (for example, owing to a 
chronic disease such as diabetes). For some of the selected 
diseases, there may have been a time delay from onset of 
symptoms to proper diagnosis that could have affected our time 
estimates. Finally, we described the incidence of selected 
outcomes in a vaccine exposed population; consequently, 
extrapolation to other populations should take into account any 
differences in childhood vaccination programmes and vaccine 
coverage. 

Comparison with other studies 

Other studies have made similar use of the Danish healthcare 
databases to assess a causal relation between vaccination and 
adverse events. Adverse reactions from the measles, mumps, 
and rubella (MMR) vaccine were investigated in a study that 
applied a cohort based, data mining methodology to compare 
the observed incidence with the expected incidence of adverse 
events in different time periods relative to immunisation. 23 This 
method showed promise, but detection bias arising from 
immunisation given as part of a medical visit would imply causal 
associations between immunisation and diseases that could, in 
reality, primarily be associated with the medical screening 
procedure. Thus, this factor needs to be controlled for. 23 

We described the background rates of a number of selected 
outcomes rather than investigating adverse events after a specific 
vaccine. Our data can therefore be applied in the assessment of 
various vaccine interventions, but should be subjected to the 
same careful considerations regarding sources of bias when 
medical inspection is performed as part of immunisation. Rates 
of autoimmune diseases have also been estimated among 
members of the Kaiser Permanente health plan for use in studies 
of adverse events after vaccination. 24 Furthermore, in a study 
similar to ours, data for background rates of possible outcomes 
in people after receiving the pandemic H1N1 influenza vaccine 
were identified for several countries and presented conjointly. 7 
Our study differed from these reports in several ways. We 
focused on the paediatric population to provide estimates with 
high precision within the demographic group that is most often 
immunised. In addition, the population based data sources used 
were not subject to the same selection bias as cohort data from 
a private healthcare organisation. We obtained diagnostic 
information in a large, uniform population with extensive 
follow-up and were therefore able to provide estimates with 
high precision. Finally, we investigated the effect of seasonality 
on the incidence of the different outcomes. 

Mass immunisation of large population groups, such as those 
during the H1N1 influenza A pandemic or when new vaccines 
are introduced into the childhood immunisation programme, 
often cause safety concerns when adverse medical events are 
reported in a temporal association with vaccination. Even 
sporadic reports of adverse events might compromise public 
confidence and reduce vaccine acceptance, often to the 
disadvantage of public health. When a study claimed an 
association between the MMR vaccine and risk of autism,' it 
negatively affected vaccine uptake and coincided with 
subsequent measles outbreaks. 10 Epidemiological and 
mechanistic studies have since favoured the rejection of a causal 
association between MMR and autism. 25 26 27 28 



Available rates for sudden death in adolescents made it possible 
to continue the vaccine programme for human papilloma virus 
in Austria, even though a teenage athlete died shortly after 
introduction of the vaccine. 29 Also, during the 2006 seasonal 
influenza vaccination in Israel, the programme was halted 
because of the death of four people within 24 h after receiving 
the vaccine. The four cases were all patients at high risk of 
sudden death, and post-event analysis showed that an even 
higher number of events within this patient group were expected 
to occur within 24 h of vaccination. 30 

The fast implementation of the vaccines used against the H1N1 
influenza pandemic was unprecedented on a global scale and 
evoked anticipated concerns of unknown adverse effects. 
Numerous studies have since raised or dealt with the 
apprehension that this vaccine could be associated with 
Guillain-Barre syndrome, 31 32 33 34 transverse myelitis, 35 36 
narcolepsy in children, 37 38 i9 retrograde amnesia, 40 or other 
adverse events. 2 33 41 42 However, such analyses usually cannot 
be produced in time to respond to the rapidly evolving safety 
concern when reports of vaccine related adverse events spread 
quickly throughout society by the internet and mass media, 
leading to the loss of public confidence. 

Conclusions and policy implications 

A complex mix of scientific, economic, psychological, 
sociocultural, and political factors drives public decision making 
related to vaccine acceptance, of which transparency and honesty 
of health authorities are major determinants of public trust. 43 
High quality estimates of the expected number of medical events 
that will be temporally associated with a vaccine dose during 
mass immunisation enable health authorities to deal with some 
of the safety concerns by carefully explaining the anticipated 
nature of temporally associated events. Thus, the results of our 
study are of general interest well beyond public health systems 
and officials, because it provides a foundation for the safety 
assessment and subsequent public information when new 
vaccine formulations are introduced against new diseases or 
added to the childhood immunisation schedule. By incorporating 
information on background rates of rare outcomes, general 
practitioners would be in a better position to guide recipients 
of new vaccines and have their arguments strengthened when 
confronted with events interpreted by patients or anti-vaccine 
groups as being caused by vaccination. In areas with public 
distrust and low vaccine acceptance, this information provides 
an evidence based focus for discussing the risks and benefits of 
newly introduced vaccines. 

Previous studies have shown the limitations of spontaneous 
reports with respect to the assessment of causality and 
emphasised the importance of timely available background event 
rates in the study of adverse events after immunisation. 44 As 
suggested elsewhere, the development of electronic archives 
with information on background rates of relevant diseases that 
can be readily applied in the local context would strengthen the 
assessment of vaccine safety and causality evaluation. 7 Health 
delivery systems with strong health information structures 
relying on population based registries are best equipped for this 
challenge. We believe that our study, and those of 
others, 6 7 23 24 31 45 can provide grounds on which to build such 
efforts. 
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What is already known on this topic 

Few studies have examined background incidence of diagnoses often associated with vaccine safety concerns in order to assess the 
causality of serious adverse events during immunisation 

No comprehensive population based study has been performed to describe such incidence among children and adolescents 
What this study adds 

Unique Danish medical registries have allowed population based sampling over a prolonged period, to provide age and sex specific 
incidence of selected diagnoses primarily of autoimmune genesis among children and adolescents 

These data could help distinguish events temporally associated with vaccine exposure from those events caused by such exposure 

In areas with public distrust and low vaccine acceptance, this information provides an evidence based focus for discussing the risks and 
benefits of newly introduced vaccines 
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Tables 



Table 1 1 Codes used for identification of selected outcomes from the International Classification of Diseases (ICD) 



Diagnoses 


lt*U-o 


ILfU-1 U 


Acute infectious and post-infectious polyneuritis (Guillain-Barre syndrome) 




IJD 1 .U 


Af"*i ito tr^nc\/orcD mwolitic 
MCULfci UcUlbVUrbU MlymiLIb 


rVyi ice i nrt 
Ivl Ibbll iy 


uod.u, uo/.u, oo/.o, oo/.y 


Optic polyneuritis 


34100 


H46 


Facial nerve palsy 


35099 


G51.0 


Anaphylactic shock 


99949-99959 


T78.2 


Seizure 


7802 


R56.0, R56.8 


Multiple sclerosis 


340 


G35 


Autoimmune thrombocytopenia 


28710 


D69.4 


Type 1 diabetes mellitus 


249 


E10 


Juvenile and rheumatoid arthritis 


71209, 71219-71239, 71259 


M05, M06, M080, M082-M084, M088, M089 


Narcolepsy 


3470x 


G47.4 


Death of unknown cause 


795 


R95, R96.0, R96.1, R98 
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able 2\ Historical overview of the Danish childhood vaccination programme 



Vaccine 


Vaccination period 


Single component pertussis 


1969-96 


Diphtheria-tetanus-polio 


1969-96 


Oral poliomyelitis vaccine 


1960-2003 


Measles-mumps-rubella 


1987- 


Single component Hib 


1993-2002 


Diphtheria-tetanus revaccination at age 5 years 


1996-2003 


Diphtheria-tetanus-pertussis-polio 


1997-2002 


Diphtheria-tetanus-pertussis-polio/Hib 


2002- 


Diphtheria-tetanus-pertussis-revaccination 


2003-04 


Diphtheria-tetanus-pertussis-polio-revaccination 


2004- 


7-valent pneumococcal vaccine 


2007-10 


Vaccine against human papilloma virus types 6, 11, 16, and 1 8 


2009- (began in 2008) 


13-valent pneumococcal vaccine (replacing 7-valent pneumococcal vaccine) 


2010- 


List updated on 1 3 September 201 1 . H\b=Haemophilus influenzae type B. 



No commercial reuse: See rights and reprints http://www.bmj.com/permissions 



Subscribe: http://www.bmj.com/subscribe 



S/WJ2012;345:e5823 doi: 10.1136/bmj.e5823 (Published 17 September 2012) 



Page 9 of 12 



RESEARCH 



Table 3| Age and sex specific incidence of outcomes 





Incidence per 100 000 person years (95% CI) 




Age (years) 


Female participants 


Male participants 


Total 


Acute infectious and post-infectious polyneuritis (Guillain-Barre syndrome) 


<1 


0.18(0.02 to 0.64) 


0.00 (0.00 to 0.31) 


0.09 (0.01 to 0.31) 


1-3 


0.28 (0.13 to 0.53) 


0.80 (0.53 to 1.17) 


0.55 (0.38 to 0.76) 


4-9 


0.55 (0.37 to 0.78) 


0.65 (0.46 to 0.89) 


0.60 (0.46 to 0.76) 


10-17 


1.00 (0.75 to 1.30) 


0.88 (0.65 to 1.17) 


0.94 (0.76 to 1.14) 


Total 


0.62 (0.50 to 0.76) 


0.71 (0.59 to 0.86) 


0.67 (0.58 to 0.77) 


Acute transverse myelitis 


<1 


0.62 (0.25 to 1.29) 


0.34 (0.09 to 0.87) 


0.48 (0.24 to 0.86) 


1-3 


0.34 (0.17 to 0.61) 


0.39 (0.21 to 0.66) 


0.36 (0.23 to 0.54) 


4-9 


0.05 (0.01 to 0.16) 


0.16(0.07 to 0.30) 


0.11 (0.06 to 0.19) 


10-17 


0.75 (0.54 to 1.02) 


0.45 (0.29 to 0.66) 


0.60 (0.46 to 0.76) 


Total 


0.40 (0.31 to 0.52) 


0.32 (0.24 to 0.42) 


0.36 (0.30 to 0.44) 


Optic polyneuritis 


<1 


0.00 (0.00 to 0.33) 


0.00 (0.00 to 0.31) 


0.00 (0.00 to 0.16) 


1-3 


0.03 (0.00 to 0.17) 


0.03 (0.00 to 0.17) 


0.03 (0.00 to 0.11) 


4-9 


0.38 (0.24 to 0.59) 


0.31 (0.19 to 0.50) 


0.35 (0.25 to 0.48) 


10-17 


1.91 (1.56 to 2.32) 


0.79 (0.58 to 1.06) 


1.34 (1.13 to 1.58) 


Total 


0.82 (0.68 to 0.98) 


0.40 (0.31 to 0.51) 


0.60 (0.52 to 0.70) 


Facial nerve palsy 


<1 


5.88 (4.55 to 7.48) 


8.52 (6.93 to 10.36) 


7.23 (6.17 to 8.42) 


1-3 


5.18(4.43 to 6.03) 


5.46 (4.70 to 6.31) 


5.33 (4.78 to 5.92) 


4-9 


5.62 (5.01 to 6.29) 


5.93 (5.31 to 6.60) 


5.78 (5.34 to 6.24) 


10-17 


9.92 (9.09 to 10.80) 


8.02 (7.29 to 8.80) 


8.95 (8.40 to 9.53) 


Total 


7.06 (6.64 to 7.50) 


6.76 (6.36 to 7.17) 


6.91 (6.62 to 7.20) 


Anaphylactic shock 


<1 


0.53 (0.20 to 1.16) 


0.68 (0.29 to 1.34) 


0.61 (0.33 to 1.02) 


1-3 


0.65 (0.40 to 1.00) 


1.19 (0.85 to 1.62) 


0.93 (0.71 to 1.19) 


4-9 


0.69 (0.49 to 0.95) 


1.75 (1.42 to 2.13) 


1.23 (1.04 to 1.46) 


10-17 


1.92 (1.56 to 2.32) 


2.43 (2.04 to 2.88) 


2.18 (1.91 to 2.47) 


Total 


1.10 (0.94 to 1.28) 


1.79 (1.59 to 2.01) 


1.45(1.32 to 1.59) 


Seizure 


<1 


445.83 (433.55 to 458.37) 503.73 (490.96 to 516.75) 475.43 (466.55 to 484.44) 


1-3 


537.86 (529.82 to 545.99) 646.84 (638.20 to 655.56) 593.49 (587.57 to 599.45) 


4-9 


39.99 (38.32 to 41 .72) 


54.21 (52.30 to 56.18) 


47.24 (45.96 to 48.55) 


10-17 


30.98 (29.49 to 32.52) 


30.69 (29.24 to 32.19) 


30.83 (29.79 to 31 .90) 


Total 


173.05 (170.95 to 175.17) 205.92 (203.67 to 208.19) 


189.82 (188.27 to 191.37) 


Multiple sclerosis 


<1 


4.90 (3.69 to 6.38) 


6.48 (5. 10 to 8.10) 


5.71 (4.77 to 6.77) 


1-3 


5.96 (5.15 to 6.87) 


10.13 (9.08 to 11.26) 


8.09 (7.42 to 8.81) 


4-9 


3.00 (2.55 to 3.49) 


4.83 (4.28 to 5.43) 


3.93 (3.57 to 4.32) 


10-17 


1.92 (1.56 to 2.33) 


1.51 (1.21 to 1.87) 


1.71 (1.47 to 1.98) 


Total 


3.39 (3.10 to 3.69) 


4.92 (4.58 to 5.27) 


4.17(3.94 to 4.40) 


Autoimmune thrombocytopenia 


<1 


0.18(0.02 to 0.64) 


0.94 (0.47 to 1.68) 


0.57 (0.30 to 0.97) 


1-3 


0.50 (0.28 to 0.81) 


0.74 (0.48 to 1.10) 


0.62 (0.45 to 0.84) 


4-9 


0.29 (0.17 to 0.47) 


0.28 (0.1 6 to 0.45) 


0.29 (0.20 to 0.40) 


10-17 


0.15(0.06 to 0.30) 


0.11 (0.04 to 0.24) 


0.13 (0.07 to 0.22) 
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Table 3 (continued) 





Incidence per 100 000 person years (95% CI) 




Age (years) 


Female participants 


Male participants 


Total 


Total 


0.28 (0.20 to 0.37) 


0.37 (0.28 to 0.47) 


0.32 (0.26 to 0.39) 


Type 1 diabetes mellitus 


<1 


3.92 (2.85 to 5.26) 


4.86 (3.68 to 6.29) 


4.40 (3.58 to 5.35) 


1-3 


8.97 (7.97 to 10.07) 


9.98 (8.94 to 11.10) 


9.49 (8.76 to 10.26) 


4-9 


17.78 (16.68 to 18.93) 


17.18 (16.12 to 18.29) 


17.47 (16.71 to 18.26) 


10-17 


23.98 (22.69 to 25.34) 


27.48 (26.12 to 28.90) 


25.77 (24.82 to 26.74) 


Total 


17.06 (16.40 to 17.73) 


18.34 (17.68 to 19.02) 


17.71 (17.25 to 18.19) 


Juvenile and rheumatoid arthritis 


<1 


2.58 (1.73 to 3.71) 


2.22(1.45 to 3.25) 


2.40 (1.80 to 3.12) 


1-3 


24.50 (22.82 to 26.27) 


13.01 (11. 82 to 14.28) 


18.63 (17.60 to 19.70) 


4-9 


15.96 (14.91 to 17.05) 


14.80 (13.82 to 15.83) 


15.37 (14.65 to 16.11) 


10-17 


26.25 (24.89 to 27.66) 


14.07 (13.10 to 15.09) 


20.03(19.20 to 20.89) 


Total 


20.40 (19.69 to 21.13) 


13.23 (12.67 to 13.81) 


16.73 (16.28 to 17.20) 


Narcolepsy 


<1 


0.00 (0.00 to 0.33) 


0.00 (0.00 to 0.31) 


0.00 (0.00 to 0.16) 


1-3 


0.09 (0.02 to 0.27) 


0.18(0.07 to 0.39) 


0.14(0.06 to 0.26) 


4-9 


0.27 (0.15 to 0.45) 


0.42 (0.27 to 0.62) 


0.35 (0.25 to 0.48) 


10-17 


0.88 (0.65 to 1.17) 


0.97 (0.73 to 1 .27) 


0.93 (0.76 to 1.13) 


Total 


0.43 (0.33 to 0.55) 


0.53 (0.42 to 0.66) 


0.48 (0.41 to 0.56) 


Death of unknown cause 


<1 


13.99 (11.89 to 16.36) 


17.55(15.24 to 20.12) 


15.81 (14.23 to 17.53) 


1-3 


1.49 (1.10 to 1.98) 


1.84(1.41 to 2.36) 


1.67 (1.37 to 2.01) 


4-9 


0.27 (0.15 to 0.45) 


0.35 (0.21 to 0.54) 


0.31 (0.22 to 0.43) 


10-17 


0.26 (0.14 to 0.44) 


0.76 (0.55 to 1 .02) 


0.51 (0.39 to 0.67) 


Total 


1.54 (1.35 to 1.76) 


2.09(1.87 to 2.32) 


1 .82 (1 .67 to 1 .98) 


Any adverse event 


<1 


478.36 (465.64 to 491 .34) 545.20 (531 .92 to 558.74) 51 2.53 (503.31 to 521 .88) 


1-3 


584.82 (576.43 to 593.30) 689.30 (680.38 to 698.31) 638.16 (632.02 to 644.34) 


4-9 


83.49 (81 .06 to 85.97) 


99.46 (96.86 to 102.11) 


91.63 (89.85 to 93.44) 


10-17 


96.73 (94.08 to 99.43) 


85.15(82.71 to 87.64) 


90.82 (89.03 to 92.65) 


Total 


224.63 (222.23 to 227.05) 253.94 (251 .44 to 256.47) 239.58 (237.85 to 241 .33) 


Any adverse event excluding seizure 


<1 


31 .02 (27.84 to 34.45) 


40.05 (36.51 to 43.84) 


35.64 (33.24 to 38.16) 


1-3 


45.39 (43.09 to 47.78) 


40.95 (38.82 to 43.17) 


43.12(41 .55 to 44.74) 


4-9 


42.70 (40.99 to 44.47) 


44.03 (42.33 to 45.79) 


43.38 (42.17 to 44.62) 


10-17 


65.04 (62.88 to 67.24) 


53.88 (51.96 to 55.85) 


59.34 (57.90 to 60.81) 


Total 


50.24 (49.1 2 to 51 .38) 


46.53 (45.47 to 47.60) 


48.34 (47.57 to 49.12) 
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able 4| Predicted number of outcomes temporally associated with a vaccine dose 



Estimated 




Predicted No of coincident events after < 


i vaccine dose (per 1 000 000 vaccinated people) 






incidence .„ . , 

After 1 day 

■ icari for 




After 7 days 




After 42 days 




After 182 days 




prediction 
(per 100 
000 
person 

years) Predicted 80% UB 99% UB 


Predicted 


80% UB 99% UB 


Predicted 


80% UB 99% UB 


Predicted 


80% UB 99% UB 


Acute infectious and post-infectious polyneuritis (Guillain-Barre syndrome) 


0.67 0.02 


1 


2 


0.13 


1 


2 


0.77 


2 


4 


3.29 


6 


9 


Acute transverse myelitis 


0.36 0.01 


1 


1 


0.07 


1 


2 


0.42 


2 


3 


1.78 


4 


6 


Optic polyneuritis 


0.60 0.02 


1 


2 


0.12 


1 


2 


0.69 


2 


4 


2.98 


5 


9 


Facial nerve palsy 


6.91 0.19 


1 


3 


1.32 


3 


6 


7.94 


11 


16 


34.03 


40 


49 


Anaphylactic shock 


1.45 0.04 


1 


2 


0.28 


2 


3 


1.67 


4 


6 


7.16 


10 


15 


Seizure 


189.82 5.2 


8 


12 


36.38 


42 


52 


218.27 


232 


254 


935.45 


962 


1008 


Multiple sclerosis 


4.17 0.11 


1 


2 


0.8 


2 


4 


4.79 


8 


12 


20.54 


25 


33 


Autoimmune thrombocytopenia 


0.32 0.01 


1 


1 


0.06 


1 


2 


0.37 


2 


3 


1.59 


4 


6 


Type 1 diabetes mellitus 


17.71 0.48 


2 


4 


3.39 


6 


9 


20.37 


25 


33 


87.3 


96 


11 


Juvenile and rheumatoid arthritis 


16.73 0.46 


2 


4 


3.21 


6 


9 


19.24 


24 


31 


82.47 


91 


105 


Narcolepsy 


0.48 0.01 


1 


2 


0.09 


1 


2 


0.55 


2 


4 


2.37 


5 


8 


Death of unknown cause 


1.82 0.05 


1 


2 


0.35 


2 


3 


2.09 


4 


7 


8.98 


12 


18 


Any adverse event 


239.58 6.56 


10 


14 


45.92 


53 


63 


275.5 


290 


316 


1180.7 


1211 


1262 


Any adverse event excluding seizure 


48.34 1.32 


3 


6 


9.26 


13 


18 


55.59 


63 


75 


238.24 


252 


276 



UB=upper boundary (80% and 99% upper boundaries of the predicted number of coincident adverse events can assess the likelihood that adverse events of a 
given type are not only temporally, but also causally associated with a vaccine dose). 
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Figures 
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Fig 1 Annual birth counts and annual deaths before age 5 years 
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Fig 2 Seasonal distribution of incidence (per 100 000 person years) of selected outcome diagnoses. Data are shown for 
each quarter of the year 
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